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Dot arrays with diameter ranging from 80 to 245 nm are made of Co80Pt20 films with large perpendicular anisotropy. Magnetic prop-
erties are investigated by detecting the anomalous Hall effect. The all arrays show angular dependence of remanent coercivity similar
to coherent rotation. The result shows that reversal process is independent of dot diameter. The energy barrier height of magnetization
reversal is estimated as 1.0 10 10 erg for the array consists of 140-nm-diameter dots. From the energy value, the switching volume is
estimated as equivalent to the volume of a physical grain in the film. The results indicate that the reversal process starts from a nucleation
of a “reversed grain” followed by propagation process.
Index Terms—Magnetic dot array, magnetic hysteresis, magnetization reversal.
I. INTRODUCTION
MAGNETIC properties of nanoscale magnets have beenextensively studied from both the practical and funda-
mental points of view. One of the possible applications using
nanosized magnet is high-density recording media, so-called
patterned media. It is essential to carry out not only qualitative
but also quantitative measurement for understanding of mag-
netization process. We have proposed anomalous Hall effect
(AHE) measurement as an alternative quantitative measurement
method which is adoptable for materials with perpendicular
anisotropy [1], [2]. One of the advantages of AHE measurement
is its high sensitivity. We have performed AHE measurements
on nanodots made of L -FePt [1] and Co/Pt multilayer [2]
and shown that the extremely high sensitivity allows detecting
switching behavior of a sub-100-nm dot [1].
In this paper, we present the result of AHE measurements on
nanosized dot arrays made of Co Pt alloy film with large per-
pendicular anisotropy [3] and discuss the magnetization reversal
process.
II. EXPERIMENTAL PROCEDURE
Co Pt films of 20 nm in thickness are deposited with
Ru(20 nm)/Pt(10 nm)/Ta(5 nm) buffer layers on a thermally
oxidized Si substrate by magnetron cosputtering at room tem-
perature [3]. The hcp-CoPt (002) plane is epitaxially grown on
the (002) plane of the Ru buffer layer, which is grown parallel
to the film plane. From the rocking curve measurement with
an x-ray diffractmeter, it is revealed that the distribution of
CoPt(002) plane is only 2.8 in full width at half-maximum.
The magnetic easy axis of the CoPt alloy film is parallel to the
, thus directing normal to the film plane. The uniaxial
anisotropy constant and saturation magnetization are
1.27 10 (erg/cc) and 1200 (emu/cc), respectively by using
a vibrating sample magnetometer (VSM) and torquemeter.
By means of transmission electron microscopy (TEM), it is
examined that the films have grain structures of 14 nm in mean
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diameter. Dot arrays of positive resist for etching mask were
made by using a laser interference lithography (LIL). The
dot diameter is varied from 80 to 245 nm. The arrays have
distribution of diameter about 15 nm. The periodicity is fixed as
600 nm in all the arrays. The dot patterns are transformed into
the magnetic layers by means of ion beam etching (IBE) with
Ar ions. The IBE etching process was controlled to stop in the
middle of the Ru layer. For the AHE measurement, it is required
to make electric contacts to the dots in order to apply current
and detect voltage [1], [2]. In the samples described above, the
partially etched buffer layers work as electrode for the AHE
measurement. After the first etching process, the buffer layers
with dots are patterned into 32- m-wide crosses having four
contacts pads. Since the dots in the cross give main contribution
to the detected AHE signal, consequently we observe averaged
AHE curves of 3000 dots. All the magnetic characterizations in
this paper are carried out with AHE measurements.
III. RESULTS
A. AHE Curve and Remanent AHE Curve
In Fig. 1, AHE voltages ( : solid line) of (a) continuous
film and (b)–(d) dot arrays are plotted as functions of applied
field. Dot diameters are (b) 245, (c) 140, and (d) 80 nm, respec-
tively. For the arrays, magnetostatic interaction between neigh-
bors is negligible compared to applied field. Remanent AHE
voltages ( : open circle) of dot arrays are also plotted as
functions of applied field. In this paper, the curves of
are referred as “normal AHE curve” to distinguish from “rema-
nent AHE curve.” External field was applied perpendicular to
the film plane for all the measurements. Linear background due
to normal Hall effect has been subtracted in the normal AHE
curves. For the remanent AHE curves, no data calibration have
been done except normalization. The signal-to-noise ratio of the
arrays becomes worse as dot diameter decreases, since the in-
tensity of AHE signal is approximately proportional to the areal
ratio of dots against cross area [1]. The hysteresis curve of the
continuous film indicates that the grains in the film are well con-
nected through exchange coupling. All the arrays show similar
shape of hysteresis, but the coercivity significantly increases
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Fig. 1. Normal AHE curves (V : solid line) and remanent AHE curves
(V : open circle) of (a) continuous film and (b)–(d) dot arrays of Co Pt
film. Dot diameters are (b) 245, (c) 140, and (d) 80 nm. Linear backgrounds in
normal AHE curves are already subtracted.
with decrease of the dot diameter. The diameter dependence of
is almost consistent with the changes of demagnetization
field of the dot. It is also remarkable that the remanent AHE
curves completely overlap on normal AHE curves in all the ar-
rays. The fact means that all the magnetization reversal pro-
cesses in the dots are irreversible. That suggests that the dots in
the arrays reach a single domain state in a perpendicular external
field. In this case, the slope of hysteresis curves represents the
distribution of switching field of dots in the arrays. The distri-
bution of dot diameter can be the main origin of switching field
distribution because strongly depends on the dot diameter.
B. Angular Dependent Measurement
Remnant AHE curves are measured with different field angle
. Here, is defined as the angle between the film normal and the
direction of applied field. Remanent AHE curves of the array,
which consists of 140-nm-diameter dots, are shown in Fig. 2.
The angle is varied from 0 to 80 . Note that the remanent
AHE curve gives only perpendicular component of remanent
magnetization. Therefore, remanent AHE curves always corre-
spond to the ratio of switched dots, considering the dots reach
a single domain state after switching. As shown in Fig. 2, the
remanent curves strongly depend on the field direction. Rema-
nent coercivity takes the minimum, and also the slope at
becomes steeper in the case of . In Fig. 3, (a) re-
manent coercivity and (b) normalized remanent coercivity
are plotted as functions of for all the
dot arrays. of all the CoPt alloy dot arrays indicate minimum
values at . It is surprising that the angular dependence
of is independent of dot diameter, although strongly de-
pends on the dot diameter. The result suggests that the reversal
process does not depend on the dot diameter. of all diameter
dots indicates the minimum value of about 0.7 at , and it
slightly exceeds one at higher . This behavior is similar to the
Fig. 2. Remanent AHE curves measured with different field angle. The angle
 is defined as the angle between applied field and the film normal. Dot diameter
is 140 nm.
Fig. 3. (a) Remanent coercivity H (b) normalized remanent coercivity
h (=H =H ( = 0)) of Co Pt dot arrays. Dashed line shown in Fig. 3(a)
remanent coercivity obtained on a array of Co/Pt multilayer 120-nm-diameter
dots [2].
angular dependence of coherent rotation and curling mode [4],
which can be expected in a particle with diameter comparable
with the exchange length. In contrast, we found that mono-
tonically increases as increase of in Co/Pt multilayer dots [2],
as indicated by the dashed line in Fig. 3(a). This behavior is typ-
ical angular dependence of domain wall motion.
C. Sweep Rate Dependent Measurement
In Fig. 4, of the dot arrays are plotted as functions of the
sweep rate of the applied field. Dot diameters are (a) 140 and
(b) 245 nm, respectively. The field is applied perpendicular to
the film plane and swept with rate ranging from 0.1 to 50 (Oe/s).
As shown in Fig. 4, of both the arrays slightly increases as
sweep rate increases due to thermal activation. The energy bar-
rier heights of magnetization reversal are evaluated by assuming
KIKUCHI et al.: MAGNETIZATION PROCESS OF HIGH ANISOTROPY CoPt NANOSIZED DOTS 3615
Fig. 4. Coercivity of dot arrays of: (a) 140 nm (b) 245 nm in diameter as a
function of the nexternal field sweep rate. The dotted lines are fitting results by
assuming the Neel–Arrhenius model.
the Neel–Arrhenius model. Energy barrier height can be as-
sumed as a function of applied field as
where , , and are energy barrier height without field, co-
ercivity without thermal activation, and a constant depending on
magnetization reversal process. Here, we choose because
angular dependence of suggests that the reversal process is
close to coherent rotation, as shown in Section III-B. With those
assumptions, under the sweep rate can be expressed as [5]
where , , and are the Boltzmann constant, temperature,
and frequency factor. The fitting results with the functions are
indicated as dotted lines in Fig. 4. The values of are estimated
as 1.0 10 and 8.1 10 (erg), for the dot arrays of
140 and 245 nm in diameter, respectively. Those energies reach
more than 10 at room temperature, which is one order of
magnitude larger than the value obtained in Co/Pt multilayer
dots [2]. By assuming a relation of , switching
volume is estimated as (19 nm) . The volume is only a few
percent of the volume of the whole dot. However, the volume is
close to the volume of a grain in the film. The result suggests that
switching of a dot starts from a part of the dot, whose volume is
comparable with a grain.
IV. DISCUSSION
As mentioned above, the CoPt dots with diameter ranging
from 80 to 245 nm show similar angular dependence of to
coherent rotation. However, coherent rotation mode cannot be
expected in the dots because the diameters are one order larger
than the exchange length of the CoPt alloy film. In this case, it is
reasonable to assume that the reversal of the whole dot start with
a nucleation followed by domain wall propagation. Because of
the time scale of the AHE measurement, only the angular depen-
dence of nucleation can be detected [6]. By considering that the
film consists of grains connected through exchange coupling, it
is a reasonable assumption that a grain can be a preferable nucle-
ation unit. The assumption is also consistent with the switching
volume obtained from result of sweep rate dependent . By
using micromagnetics simulation, Uesaka et al. calculated the
reversal behavior of a particle of 100 nm in diameter [7]. They
obtained angular dependence similar to the experimental re-
sults in this paper by introducing a nucleation site with lower
anisotropy. The result suggests that the deviation of anisotropy
between each particle might determine the switching field of the
whole dot.
V. CONCLUSION
We have investigated the magnetization reversal process of
CoPt alloy dots with diameter ranging from 80 to 245 nm. All
dots show angular dependence of which is similar to co-
herent rotation, although the diameter is ten times larger than
the exchange length. The switching volume of the nuclei is esti-
mated as the volume comparable with the volume of a physical
grain. The results are in agreement with the switching model
that a nucleation of a “reversed grain” followed by propagation
process determines the switching field of the dot.
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